Atty. Dkt. No. 30002178-2 

o 

m THE UNITED STATES PATENT AND TRADEMARK OFFICE K 



p 

'tun 



Applicant: Susanne KLEIN 
Title: A DISPLAY 



Appl. No.: Unassigned 

Filing 02/27/2002 
Date: 

Examiner: Unassigned 
Art Unit: Unassigned 

CLAIM FOR CONVEMTIQiM PRIORITY 

Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

The benefit of the filing date of the following prior foreign application filed in the 
following foreign country is hereby requested, and the right of priority provided in 
35 U.S.C. § 119 is hereby claimed. 

In support of this claim, filed herewith is a certified copy of said original foreign 
application: 

Great Britain Patent Application No. 0105206.7 filed 03/02/2001 . 

Respectfully submitted, 



Date February 27. 2009 

FOLEY & LARDNER 
Customer Number: 22428 




William T. Ellis 
Attorney for Applicant 
Registration No. 26,874 



22428 

PATENT TRADEMARK OFFICE 

Telephone: (202) 672-5485 
Facsimile: (202) 672-5399 



002.736545.1 




% Office I 
\ > 



INVESTOR IN PEOPLE 



The Patent Office 
Concept House 
Cardiff Road 
Newport 
South Wales 
NPIO 8QQ 



o 

322 



u " 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p.l.c, 
pic, P.L.C. or PLC. 

Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company. to certain additional company law rules. 





Dated: 31 May 2001 



An Executive Agency of the Department of Trade and Industry 



|Patents Fonn 1/77 

r -nts Act 1977 



Request for grant of a patent 

(See the notes on the back of this form. You can also get an 
explanatory leaflet £rom the Patent Office to help you 611 in 
this form) 



\ Office I 

•ft 



t^^TENT OFFICE" 
.VI 

0 2 MAR 200} 



I 



mmbmm^x mm 

P01/7?0a-0.00j0105206.7 ' 



30002178 GB 



The Patent Office 

Cardiff Road 
Newport 
South Wales 
NPIO 8QQ 



1. Your reference 



2. Patent application number 

(The Patent Office will fill In Ibis part) 



0105206.7 



02 MAR2(N)1 



3. Full name, address and postcode of the or of 
each applicant (underline all surnames) 



Hewlett-Packard Company 
3000 Hanover Street 
Palo Alto 
CA 94304, USA 



Patents ADP number (if you know it) 

If the applicant is a corporate body, give the 
country/state of its incorporation 



Delaware, USA 



4. Title of the invention A Display 



5. N2imc of yo\irz%cnt (if you have one) 

"Address for service" in the United Kingdom 
to which all correspondence should be sent 

(inciuding the postcode) 



Richard A. Lawrence 
Hewlett-Packard Ltd, IP Section 
Filton Road 
Stoke Gifford 
Bristol BS34 8QZ 



Patents ADP number (if you know it) 

6. If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of filing of the or of each of these 
earlier applications and (if yon know it) the or 
each application number 



7. If this application is divided or otherwise 
derived from an earlier UK application, 
give the number and the filing date of 
the earlier application 

8. Is a statement of inventorship and of right 
to grant of a patent required in support of 

this request? (Answer 'Yes' if YGS 

a) any applicant named in part 3 is not an inventor, or 

b) there is an inventor who is not named as an 
applicant, or 

c) any named applicant is a corporate body. 
See note (d)) 



Countn' Priority application number Date of filing 

(if you know it) (day / month /year) 



Number of earlier application Date of filing 

(day / month /year) 



Patents Form 1/77 



Patents Form 1/77 



9. Enter the number of sheets for any of the 
following items you are filing with this form. . 
Do not count copies of the same document 

Continuation sheets of this form 
Description 

Claimed) 
Abstract 

Drawing^) 



12 
4 
1 

2-1-1 



10. If you arc also filing any of the following, 
stale how many against each item. 

Priority documents 



Translations of priority documents 


i y 




Statement of inventorship and right 
to grant of a patent (Patents Form 7/77) 




Request for preliminary examination 
and search (Patents Fonn 9/77) 






Request for substantive examination 
(Patents Form 10/77) 






Any other documents 
(please specify) 


Fee Sheet 




11. 


I/We request Jhe gp^^ 


^ a patent on the basis of this application. 




Signature/ / / / 

Richard/A. Ljav 


12. Name and daytime telephone ntimber of 
person to contact in the United Kingdom 


Meg Joyce 


Tel: 0117-312-9068 



After an application for a patent has been filed, the Comptroller of the Patent Office will consider whether publication 
or communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977. You 
wtll be informed if it is necessary to prohibit or restrict your invention in this way Furthermore, if you live in the 
United Kingdom, Section 23 of the Patents Act 1977 stops you from applying for a patent abroad without first getting 
written permission from the Patent Office unless an application has been filed at least 6 weeks beforehand in the 
United Kingdom for a patent for the same invention and either no direction prohibiting publication or 
communication has been given, or any such direction has been revoked. 

Notes 

^) If you need help to fill in this form or you have any questions, please contact the Patent Office on 08459 500505, 

b) Write your ansivers in capital letters using black ink or you may type them. 

c) If there is not enough space for all the relevant details on any part ofthisfor^n, please continue on a separate 
sheet of paper and write ''see contintuition sheet" in the relevant part(s). Any continuation sheet should be 
attached to this form. 

d) If you have answered 'Yes' Patents Form 7/77 luill need to be filed. 

e) Once you have filled in the form you must remember to sign and date it 

f) For details of the fee and tvays to pay please contact the Patent Office 



Patents Form 1/77 



r 



- 1 - 



A Display 

The present invention relates to display, in particular to 
a liquid crystal display illuminated by ambient light. 

5 

Some displays, such as liquid crystal displays, can be lit 
by a back light. The back light may need to be powerful, 
particularly if the optical efficiency of the display is 
low. Therefore, if the back light is part of a lap top 
10 computer or other portable device, a heavy battery may be 
required to power the back light, which may be 
inconvenient . 

Displays are known that operate without a back light by 
15 reflecting ambient light, the reflectivity of the display 
being different at different points on the screen, so that 
reflected light forms an image. However, a substantial 
amount of ambient light incident on the display may be 
lost due to absorption within the display. Furthermore, 
20 the user of the display may be tempted to point the 
display in the direction where the ambient light is 
strongest, which will lead to specular reflection of the 
ambient light off the display, thereby making the display 
less effective. 

25 

Another type of display which uses a planar waveguide to 
provide light through a liquid crystal layer is disclosed 
in a paper titled "Waveguide Based Liquid Crystal 
Display", by H. Yuan and P. Palf f y-Muhoray, published in 
30 Mol. Cryst. Liq, Cryst., 1999, Vol. 331, pp. 281-288. This 
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uses total internal reflection between the liquid crystal 
and one planar substrate that bounds the liquid crystal, 
instead of birefringence between crossed polarizers. In 
this planar waveguide lit display, one or more light 
5 sources must then be provided to couple light into the 
waveguide, for example at the periphery of a display. 
Light is then guided by the substrate and then deflected 
out of activated areas of the liquid crystal. This 
provides an efficient optical structure with a high 
10 viewing angle. It may, however, be. difficult to provide 
one or more light sources around the periphery of the 
display to illuminate the waveguide. 

It is .an object of the invention to provide a more 
15 convenient display. 

According to one aspect of the present invention, there is 
provided a display having a display area, and a light 
guide for providing light to the display area, the light 
2 0 guide comprising: 

a planar light guiding medium having a light emitting 
surface and one or more side faces disposed around the 
light emitting surface; 

25 

a plurality of light pipes, each light pipe having a 
collector end for collecting light and an output end, the 
output ends being arranged along the side faces so as to 
introduce the collected light into the guiding medium; 

30 
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wherein the output ends of the light pipes are distributed 
along the or each side face. 

The light pipes may then be distributed according to the 
5 amount of light needed across the display, or in a 
particular area of the display. In a preferred embodiment 
of the invention, the light pipes are distributed evenly 
along the or each side face. 

10 The light guiding medium will channel light therealong but 
will allow some light to escape through the light emitting 
surface to illuminate the display area. It will be 
understood that the term planar light guiding medium will 
include a medium with some curvature, provided that the 

15 curvature is sufficiently small that to allow the guiding 
medium to channel light therein. 

Because the output ends of the light pipes are distributed 
evenly along the side faces of the light guiding medium, 

20 light will be emitted from the light emitting surface more 
evenly. It will be appreciated that the light pipes 
outputs need not be distributed at the same intervals 
around all the side faces of the light guiding medium, and 
that if the light guiding medium is rectangular, the 

25 intervals between light pipe outputs along the long sides 
may be different from the intervals along the short sides 
of the light guiding medium. 

Preferably, the collector ends of the light pipes will be 
30 distributed in a spaced apart fashion over a light 
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collecting area, the position of the collector ends on the 
light collecting area being scrambled relative to the 
position of the corresponding output ends on the side 
faces of the light guiding medium. Because of this, if a 
5 portion of the light collecting area is obscured, the 
light emitted through the light emitting area will be 
diminished in a more uniform manner, and the likelihood of 
a shadow being formed in the display area will be reduced. 

10 There may be some short range order between the positions 
of the output ends and the positions corresponding light 
collector ends. The light pipes may be grouped in pairs, 
the light output ends of each pair being adjacent to one 
another on a side face, and the collector ends of each 

15 pair being adjacent to one another on the collecting area. 
However, a group of light pipes with neighbouring or 
nearby collector ends will preferably have output ends 
that are located on different portions of a side surface 
or, on different side surfaces. 

20 

The light guiding medium will preferably have a planar 
back surface, and a reflecting layer may be provided on 
the back surface of the light guiding medium, so as to 
increase the amount of light emitted through the light 
25 emitting surface. 

In a preferred embodiment, means are provided for applying 
an electrical signal to the guiding medium in one or more 
localised areas, and the guiding medium is responsive to 
30 the electrical signal such that the optical properties of 
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the optical medium are changed in each localised area 
where the electrical signal is applied, with the result 
that in the localised areas where the electrin^jl fiian;^! na 
applied, light travelling along the guiding medium exits 
5 the guiding medium through the light emitting surface, and 
where the electrical signal is not applied, light within 
the light guiding medium is channelled therealong. 

An image can be formed by applying the electrical signal 
10 at the points where the desired image is light, the 
remaining area of the display appearing dark. 

The electrical signal will preferably be in the form of a 
voltage applied across the guiding medium, but the 
15 electrical signal may superposed on a background voltage 
level, such that the electrical signal at a point on the 
light guiding medium results in the absence of a voltage 
being applied at that point. 

20 The guiding medium may have a refractive index whose value 
is changeable between a first value and a second value 
when an electrical signal is applied, the guiding medium 
having an index matching layer whose refractive index is 
close to the first value. In one embodiment, the 

25 refractive index of the guiding medium will be more 
closely matched to the refractive index of the index 
matching layer at a point where an electrical signal is 
applied, and light will be emitted through the light 
emitting layer at that point. The light guiding medium 

30 will preferably be liquid crystal material, since its 
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refractive index for at least one polarisation of light 
can easily be changed by applying an electric field. 

So that the image produced by the screen can be viewed 
5 more easily by a person in front of the screen, a light 
scattering layer will preferably be provided between the 
light emitting surface and the light guiding layer. 

Since the liquid crystal material will normally be 
10 biref ringent , and since the refractive index for only one 
polarisation of light may be changed between a fist value 
and a second value by the electrical signal, a quarter 
wave plate or other polarisation rotating element may be 
provided at each side face of the light guiding medium, in 
15 order to increase the amount of light which can be 
affected by the change in refractive index of the liquid 
crystal material. A semi-reflecting mirror will preferably 
be provided on the outer surface of each quarter wave 
plate, so that light of one polarisation that is 
2 0 internally incident on a side face will pass through a 
quarter wave plate a first time, will be reflected by the 
semi-reflecting mirror, and will then pass through the 
quarter wave plate a second time, emerging from the 
quarter wave plate with a second polarisation. 

25 

The collector ends of at least some of the light pipes may 
be secured together in a bunch having a collector face, 
and means may be provided for temporarily securing the 
bunch in an orientation relative to the display area. If 
30 the ambient light from a particular direction is 
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particularly bright, a user will then be able to orient 
the bunch such that the connector ends face in the 
direction where the ambipnt l-ioht- i.q K-rnrrVih hV^i^v-^aKy 
increasing the brightness of the screen. Alternatively, 
5 the end of the bunch may be optically coupled to an 
electrical light source. 

In a preferred embodiment, the display will be secured in 
a casing, and the collector ends will be distributed over 
10 at least a portion of the external surface of the casing. 
The display may be secured to the casing of a lap top 
computer, or other portable electronic device of the type 
having a display, such as a mobile telephone. 

15 The light pipes will preferably be formed from optic 
fibres . 

The invention will now be further described, by way of 
example, with reference to the following drawings in 
20 which: 

Figure 1 shows a plan view of a display having 
optic fibre with collector ends according to the 
invention; 

25 

Figure 2 shows a front view of a laptop computer 
with the display of Figure 1, where the collector 
ends are distributed over the external surface of 
the laptop casing; 

30 
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Figure 3 shows a back view of the laptop computer 
of Figure 2; 

Figure 4 shows a laptop computer with the display 
of Figure 1, where the optic fibres are secured 
together in a bundles- 
Figure 5 shows a cross sectional view of the 
display in Figure 1 in one embodiment; and. 

Figure 6 shows a cross sectional view of a portion 
of the display in Figure 1, in another embodiment. 



In Figure 1, there is shown a display 10 having a display 
15 area 12 bounded by four sides 13a, 13b, 13c, 13d. A plurality 
of optic fibres 14 are provided for guiding light towards 
the display area 12. Each fibre 14 has a collector end 18 
through which light can enter the fibre 14 and a light 
output end 16 through which the collected light exits the 
20 fibre 14. 



In Figures 2 and 3, there is shown an electronic device, 
here a laptop computer 20 with the display 10 mounted in 
the casing 22 of the computer 20. The casing 22 has a 
25 plurality of apertures 24, in each of which there is 
mounted the collector end 18 of an optic fibre 14 . Ambient 
light incident on the casing 2 0 of the computer is 
directed by the optic fibres 14 onto the display area 12 
of the display 10. 



22 
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The collector ends 18 of the fibres 14 are distributed on 
the casing 18 such that there is no relationship between 
the position of the output ends 16 and the Dosition of thP 
collector ends 18. Collector ends 18 which lie close 
5 together, for example within the dashed loop 26 in Figure 
3, will have corresponding output ends 16 which are 
located on different sides of the display area 12. If the 
collector ends 18 within the dashed loop are obscured, for 
example by a nearby object or a human hand, the light 
10 exiting the display area 12 will be uniformly diminished, 
rather than a shadow being formed on the display area 12. 

In an embodiment shown in Figure 4, at least some of the 
fibres 14 are bunched together in a semi-rigid cladding 64 

15 extending from the casing 22. At one end of the cladding 
64, the collector ends 18 form a bunch 70 having a 
collecting surface 72, the other end of the cladding 64 
being secured to the casing 22 . If the ambient light is 
strongest in one direction, the collecting surface 72 can 

20 be oriented in that direction in order to increase the 
amount of light provided to the display 12, and the semi- 
rigid cladding will support the collecting surface 72 in 
that orientation. 

25 In Figure 5, there is shown, schematically, a cross 
sectional view through the display 10. The display 10 has 
a layer of liquid crystal (LC) material 30. A plurality of 
transparent upper address lines 42 and lower address lines 
43 are respectively provided above and below the LC layer 

30 30 in order to apply an electric field in at least one 
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localised area of the LC layer 30. An upper planarizing 
layer 46 is provided between the upper address lines 42 
and the LC layer 30, and a lower planarizing layer 48 is 
provided between the LC layer 30 and the lower address 
5 lines 43. A layer of glass 50 is provided above the upper 
address lines 42, the outer surface 52 of the glass layer 
acting as a light emitting surface. 

Where an electric field is not applied to the LC layer, 

10 light is channelled by the LC layer 30 such that is 
propagates along the layer 30 by undergoing multiple total 
internal reflections at the interfaces 54,56 between the 
LC layer 3 0 and the upper and lower planarizing layers 
46,48 respectively. In a localised region 60 where an 

15 electric field is applied by a voltage across the address 
lines 42,43, the refractive index of the LC layer 3 0 is 
changed, such that total internal reflection no longer 
occurs at the upper boundary 54 and the lower boundary 56, 
and in that localised region 60, light exits the LC layer 

20 30 and reaches the light emitting surface 52, thereby 
forming a bright region in the display area 12 . A mirror 
62 is provided below the lower address lines 43 so that 
light that leaves the LC layer through the lower boundary 
56 is reflected back up, through the LC layer 30, and 

25 through the light emitting surface 52. 

The glass layer 50 and/or the upper planarizing layer 46 
will scatter the light passing therethrough, so that at 
least some of the light leaving the light emitting surface 
3 0 52 leaves the surface in a normal or near normal 



22 
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direction. 

The LC layer 30 has a four side faces 15a. 15b. 15c. ISH . 
against each of which there lies a quarter wave plate 44 
5 followed by a semi-reflective mirror 47. The output end 16 
of each fibre lies against a semi -reflective mirror, 
facing towards a side face of the LC layer 30. Light 
exiting the output end 16 of a fibre 14 first passes 
through the semi-reflecting mirror 47, and then though the 
10 quarter wave plate 44, and into the LC layer 30. 

Light that has travelled across the LC layer 30 will be 
reflected at least in part by a semi-reflected mirror 47, 
passing twice through the quarter wave plate 44 before 

15 marking a further pass through the LC layer 30. The 
quarter wave plate 44 will rotate the polarisation of the 
light passing therethrough, in order to increase the 
amount of light emitted through the light emitting surface 
52 if the refractive index of the LC layer 30 is only 

20 changeable for one polarisation of light. 

In another embodiment, shown schematically in Figure 6, 
the output end 16 of each fibre 14 passes through an 
aperture 66 in the quarter wave plate layer 44, such that 
25 light entering the LC layer 30 from the optic fibre 14 
does not pass through the quarter wave plate layer. 

It will be appreciated from the above description that the 
present invention provides a simple and compact way of 
30 collecting ambient light in order to illuminate a portable 
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display, thereby reducing the need for a battery powered 
1 ight source . 
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Claims : 

1. A display having a display area, and a liqht auidp 
for providing light to the display area, the light guide 

5 comprising: 

a planar light guiding medium having a light emitting 
surface and one or more side faces disposed around the 
light emitting surface; 

10 

a plurality of light pipes, each light pipe having a 
collector end for collecting light and an output end, the 
output ends being arranged along the side faces so as to 
introduce the collected light into the guiding medium; 

15 

wherein the output ends of the light pipes are distributed 
along the or each side face. 

2. A display as claimed in Claim 1, wherein the 
20 collector ends of the light pipes are distributed over a 

light collecting area and wherein the position of the 
collector ends on the light collecting area is scrambled 
relative to the position of the corresponding output ends 
on the side faces of the light guiding medium. 

25 

3. A display as claimed in Claim 2, wherein the display 
is secured in a casing, and the collector ends are 
distributed over at least a portion of the external 
surface of the casing. 

30 
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4. A display as claimed in any preceding claim, wherein 
the light guiding medium has a planar back surface, and 
wherein a reflecting layer is provided on the back surface 
of the light guiding medium. 

5 

5. A display as claimed in any preceding claim, wherein: 

means are provided for applying an electrical signal to 
the guiding medium in one or more localised areas; and, 

10 

the guiding medium is responsive to the electrical signal 
such that the optical properties of the optical medium are 
changed in each localised area where the electrical signal 
is applied, with the result that 

15 

in the localised areas where the electrical signal is 
applied, light travelling along the guiding medium exits 
the guiding medium through the light emitting surface, and 
where the electrical signal is not applied, light within 
20 the light guiding medium is channelled therealong. 

6. A display as claimed in Claim 5 wherein the guiding 
medium is a liquid crystal material. 

25 7. A display as claimed in Claim 5 or Claim 6, wherein a 
scattering layer is provided between the light emitting 
surface and the light guiding layer. 

8. A display as claimed in Claim 6 or Claim 7, wherein a 
3 0 quarter wave plate is provide at the output of each light 
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pipe. 

9. A display as claimed in anv precedino claim, wherein 
the collector ends of at least some of the light pipes are 
secured together in a bunch having a collector face, and 
means are provided for temporarily securing the bunch in 
an orientation relative to the display area. 

10. A display as claimed in any previous claim, wherein 
the light pipes are formed from optic fibres. 

11. An electronic device comprising: 

a casing, a display with a display area secured relative 
to the casing, and a light guide for providing light to 
the display area, the light guide having: 

a planar light guiding medium having a light emitting 
surface and one or more side faces disposed around the 
light emitting surface; 

a plurality of light pipes, each light pipe having a 
collector end for collecting light and an output end, the 
output ends being arranged along the side faces so as to 
introduce the collected light into the guiding medium; 

wherein the output ends of the light pipes are distributed 
evenly along the or each side face. 

12. A light guide for providing light to a display area, 
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comprising: 

a planar light guiding medium having a light emitting 
surface and one or more side faces disposed around the 
light emitting surface; 

a plurality of light pipes, each light pipe having a 
collector end for collecting light and an output end, the 
output ends being arranged along the side faces so as to 
introduce the collected light into the guiding medium; 

wherein the output ends of the light pipes are distributed 
evenly along the or each side face. 

13 . A display substantially as herein described with 
reference to or as shown in the accompanying drawings • 

14. An electronic device substantially as herein 
described with reference to or as shown in the 
accompanying drawings . 

15. A light guide substantially as herein described with 
reference to or as shown in the accompanying drawings. 
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Abstract 
A Display 

The present invention relates to display, in particular to 
a liquid crystal display illuminated by ambient light. The 
display has a display area, and a light guide system for 
providing light to the display area, the light guide 
system comprising: a planar light guiding layer having a 
light emitting surface and a plurality of side faces 
disposed around the light emitting surface; a plurality of 
light pipes, each light pipe having a collector end for 
collecting ambient light and an output end, the output 
ends being arranged along the side faces of the light 
guiding layer so as to introduce the collected light into 
the guiding medium. The output ends of the light pipes are 
distributed evenly along each side face of the light 
guiding layer so as to provide homogeneous illumination to 
the display area. 

Figure 2 
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